Background: The Work Ability Index (WAI) identifies non-sicklisted workers at risk of future long-term sickness absence (LTSA). The WAI is a complicated instrument and inconvenient for use in large-scale surveys. We investigated whether shortened versions of the WAI identify non-sicklisted workers at risk of LTSA. Methods: Prospective study including two samples of non-sicklisted workers participating in occupational health checks between 2010 and 2012. A heterogeneous development sample (N = 2899) was used to estimate logistic regression coefficients for the complete WAI, a shortened WAI version without the list of diseases, and singleitem Work Ability Score (WAS). These three instruments were calibrated for predictions of different (!2, !4 and !6 weeks) LTSA durations in a validation sample of non-sicklisted workers (N = 3049) employed at a steel mill, differentiating between manual (N = 1710) and non-manual (N = 1339) workers. The discriminative ability was investigated by receiver operating characteristic analysis. Results: All three instruments under-predicted the LTSA risks in both manual and non-manual workers. The complete WAI discriminated between individuals at high and low risk of LTSA !2, !4 and !6 weeks in manual and non-manual workers. Risk predictions and discrimination by the shortened WAI without the list of diseases were as good as the complete WAI. The WAS showed poorer discrimination in manual and non-manual workers. Conclusions: The WAI without the list of diseases is a good alternative to the complete WAI to identify non-sicklisted workers at risk of future LTSA durations !2, !4 and !6 weeks.
Introduction
L ong-term sickness absence (LTSA) is an increasing public health problem that pertains to society, employers and workers. The costs of sickness absence benefits average 1% of the gross domestic product and 10% of the public expenditures of OECD countries. 1 Employers face production loss and have to redirect tasks to other staff or replace the absent worker. LTSA distances workers from the workplace and marginalizes them from the labour market, which may result in reduced social participation, unemployment and poverty. 2 Prevention of LTSA is of utmost importance, all the more because the probability of resuming work decreases with increasing LTSA duration. 3, 4 Primary prevention by workplace health promotion programs has been shown to reduce LTSA, although the effects and financial return on investments are relatively small. 5, 6 This may be due to the fact that workplace health promotion programs usually involve all workers. Taimela et al. 7 and Kant et al. 8 showed that preventive interventions reduced LTSA in high-risk workers, but not in workers at moderate or low risk of LTSA, raising the question whether preventive strategies should be aimed at the entire workforce or focus on risk groups. In public health, a population strategy can have a higher impact than targeted interventions, particularly when it is difficult to reach high-risk individuals. 9 When workers at high risk of LTSA are at work, it will not be difficult to reach them. In addition, small and medium-sized employers are reluctant to implement preventive programs for all workers because of time, cost, and logistic challenges. 10 A secondary preventive strategy may be more lucrative, all the more because preventive interventions are more cost-effective when targeted at high-risk workers. 11 For the purpose of targeting interventions to risk groups, we have to identify workers who are still at work but at risk of LTSA. Recently, the Work Ability Index (WAI) was found to discriminate non-sicklisted manual and office workers at high risk of LTSA from those at low risk.
12
The WAI is a self-administered instrument covering seven dimensions of health in relation to work plus a list of diseases. Dimension scores can be cumulated to a total WAI score ranging from 7 (unable to work) to 49 (full work ability), which allows classification into established categories of excellent (WAI 44-49), good (WAI 37-43), moderate (WAI 28-36) and poor (WAI 27) work ability. 13 Eskelinen et al. 14 reported that subjective WAI scores were well associated with clinically assessed functional capacities. Nowadays, the WAI is widely used to measure work ability in individuals and groups. Critics argue that the WAI is a long instrument and difficult to fill in. The original WAI includes a long list of 51 medical conditions and asks workers to mark all diseases they are diagnosed with. Nübling et al. 15 introduced a version of the WAI with a shortlist of 15 diseases. Most missing answers on the WAI are on the list of diseases, while internal consistency tests show that self-reported symptoms and diseases contribute little to the coherency of the WAI. 16 A WAI version without the list of diseases could overcome the problem of uncertain WAI scores due to missing answers, but has not yet been introduced as tool to identify non-sicklisted workers at risk of LTSA. An even shorter tool to measure work ability is the single-item Work Ability Score (WAS), asking for current work ability in relation to lifetime best, which has been proposed for measuring work ability in large-scale population surveys. 17, 18 The objective of this present study was to calibrate the complete WAI, a version of the WAI without the list of diseases, and the WAS for LTSA risk predictions (!2, !4 and !6 weeks) and to examine their ability to discriminate between non-sicklisted workers at high and low LTSA risk. If risk predictions are accurate and discrimination adequate, then shorter versions of the WAI could be used to identify non-sicklisted workers at high LTSA risk and refer them to secondary preventive programs.
Methods

Study samples and design
We used the data of two samples of non-sicklisted workers invited for occupational health checks in the period 2010-2012. The development sample included 6682 workers employed in construction (11%), industry (24%), public services (i.e. education, health care, civil service; 29%) and commercial services (i.e. the buying and selling of goods and services in retail businesses, wholesale buying and selling, financial establishments and wide variety of services that are broadly classified as 'business'; 36%). The development sample was used to investigate the predictive ability of the WAI with and without the list of diseases and the WAS. A total of 3660 (55%) non-sicklisted workers participated in the health checks of whom 2899 (43%) completed the WAI. Risk predictions and discrimination by the WAI with and without the list of diseases and the WAS were externally validated in a validation sample of 3674 workers employed at a steel mill of whom 3049 (83%) participated in the health checks and completed the WAI. As it has been shown that manual workers report lower work ability than non-manual workers, 12 we investigated the external validity separately for manual steel workers (N = 1710) and nonmanual office workers (N = 1339). The Medical Ethics Committee of the University Medical Center Groningen granted ethical clearance for the study (M12.116654).
Work Ability Index
The WAI covers the dimensions current work ability compared with lifetime best (score 0-10), work ability in relation to the demands of work (score 2-10), number of diagnosed diseases from a list of 15 diseases (score 1-7), impaired work performance due to illness (score 1-6), sickness absence in the past 12 months (score 1-5), expected work ability in the forthcoming 2 years (score 1-7) and mental resources (score 1-4). 13 The dimension scores were summed to a total score for the WAI with (range 7-49) and without (range 6-42) list of diseases. The first WAI item, asking for current work ability compared with lifetime best, represents the single-item WAS (score 0-10).
Long-term sickness absence
Sickness absence was defined as temporary paid leave from work due to any (i.e. work-related and non-work-related) injury or illness. Sickness absence in the year following the health check was retrieved from an occupational health register, recording absences in calendar days from the date of reporting sick to the date of resuming work. In The Netherlands, sickness absence is compensated by the employer when medically certified by an occupational physician within 6 weeks of reporting sick. Because the study was conducted in the Dutch setting, we defined LTSA lasting !6 weeks as main outcome variable. There is no international consensus on the definition of LTSA and in countries other than The Netherlands, sickness absence is recorded in national registers when it lasts more than 2 or 4 weeks. Therefore, we also investigated the predictive power of the WAI with and without the list of diseases and the WAS for LTSA lasting !2 and !4 weeks.
Statistical analysis
In the development sample, logistic regression coefficients of the WAI with and without the list of diseases and the WAS were calculated for the occurrence (no = 0, yes = 1) of LTSA !2, !4 and !6 weeks during 1-year follow-up. Work ability scores are known to decline with age, [19] [20] [21] effect-modification by age was investigated, but nonsignificant for the WAI with (P = 0.69) and without (P = 0.89) the list of diseases and the WAS (P = 0.82). Although women commonly report lower work ability scores than men, 17, 22 interaction terms for gender were non-significant for the WAS (P = 0.59), and the WAI with (P = 0.33) and without (P = 0.35) the list of diseases. Consequently, we did not stratify the analyses by age or gender.
The regression coefficients of the development sample were combined with the variable values of the validation sample into a linear predictor (LP). LPs were used to predict the risks of different LTSA durations (i.e. !2, !4 and !6 weeks) in the validation sample with the formula 1/(1 + e ÀLP ). Calibration was assessed with calibration graphs plotting mean predicted LTSA risks against observed LTSA frequencies by decile of predicted risk. In this study, calibration was considered adequate if tests for calibration slope and intercept were not significant at the 5% level. 23, 24 The discriminative abilities of the WAI with and without list of diseases and the WAS were examined in the validation sample by receiver operating characteristic (ROC) analysis. The area under the ROC-curve (AUC) is a measure for the discriminative ability; AUC = 0.50 represented no discrimination above chance and AUC ! 0.75 was considered to reflect adequate discrimination. [23] [24] [25] Statistical analyses were done with IBM SPSS Statistics for Windows, version 20.0 (IBM Corp., Armonk, NY, released 2011).
Results
Workers of the development sample were younger, more often female, and had shorter work tenure than manual and nonmanual workers of the validation sample (table 1). In the development sample, 22 (1%) workers were lost to follow-up. Of the remaining 2877 workers, 227 (8%) had LTSA !2 weeks, 156 (5%) LTSA !4 weeks and 73 (3%) LTSA !6 weeks in the year following the health check. Table 2 shows LPs of the WAI with and without the list of diseases and the WAS for different sickness absence durations.
These LPs were used to predict the risk of different duration LTSA in manual and non-manual workers of the validation sample. Twenty (1%) manual workers and 38 (3%) non-manual workers were lost to follow-up. Of the 1690 manual workers included in the analyses, 329 (20%) had LTSA !2 weeks, 235 (14%) LTSA !4 weeks and 125 (7%) LTSA !6 weeks. Of 1301 non-manual workers included in the analyses, 135 (10%) had LTSA !2 weeks, 101 (8%) LTSA !4 weeks and 64 (5%) LTSA !6 weeks. Table 3 shows significant tests of calibration intercept and slope for the WAI with and without the list of diseases and the WAS for all LTSA durations, reflecting systematic under-prediction of LTSA risks. The discriminative ability of the WAI with and without the list of diseases was adequate in both manual and non-manual workers (table 3) . The WAS discriminated fairly, but not adequately between workers with and without LTSA during follow-up as reflected in AUCs ranging from 0.66 for manual workers at risk of LTSA !2 weeks to 0.74 for non-manual workers at risk of LTSA !6 weeks.
When stratified by work ability category, LTSA risks in the Dutch setting (i.e. LTSA !6 weeks) were highest for both manual and nonmanual workers reporting poor work ability (table 4). The risks of LTSA !6 weeks risks predicted by the WAI with and without list of diseases were well in agreement with observed LTSA !6 weeks frequencies, but the WAS under-predicted the risk of LTSA !6 weeks. For example, the WAS predicted an LTSA !6 weeks risk of a: Construction (11%), industry (24%), public services (29%) and commercial services (36%). The table shows the linear predictor (LP) of the WAS and the WAI with and without the list of diseases for different sickness absence durations 44% for manual workers and 46% for non-manual workers with poor work ability, while observed LTSA !6 weeks frequencies were 55 and 65%, respectively.
Discussion
This study showed that a version of the WAI without the list of diseases identified workers at high risk of LTSA as good as the WAI with the list of diseases. Discrimination by the single-item WAS was poorer than discrimination by the WAI with and without list of diseases. All instruments under-predicted a worker's absolute risk of LTSA, possibly because workers of the validation sample differed from workers of the development sample. 26 It should be noted that LTSA occurred more frequently in the validation sample, particularly among manual workers.
The WAI can be used to screen working populations for risk of LTSA, but its complexity requests a shorter instrument that can be more easily understood and completed. El Fassi et al. 18 proposed to use the single-item WAS for measuring work ability in population surveys. The current results showed that discrimination between non-sicklisted workers at high and low risk of LTSA was poorer for the WAS than for the WAI. The WAS correctly classified manual workers and non-manual as high-risk in 72 and 74% of the cases, respectively. In comparison, a short version of the WAI without the list of diseases correctly classified 81% of the manual workers and 79% of the non-manual workers as LTSA cases. The complete WAI with a list of 15 diseases correctly identified manual and non-manual workers at high risk of LTSA in 82 and 79% of the cases, respectively. Thus, discrimination between workers at high and low risk of LTSA by the WAI without the list of diseases was as good as discrimination by the WAI with the list of diseases. Recently, Reeuwijk et al. 27 reported that excluding the number of currently diagnosed diseases had minor effects on the discriminative ability of the WAI for sickness absence among office workers in the financial sector. A version of the WAI without the list of diseases could be a user-friendly alternative to the WAI with the list of diseases to identify workers at high risk of LTSA, particularly in situations where long and complex questionnaires are inconvenient, such as working population surveys.
The discriminative ability of the WAS was below AUC 0.75, the threshold that is commonly regarded as practically useful for prognostic models. 25 However, thresholds are arbitrary and the lower limit of the 95% CI was above AUC 0.50. This means that discrimination by the WAS was significantly better than discrimination by chance for all LTSA durations. Thus, the present results do not completely disqualify the WAS as a primary LTSA indicator in large-scale surveys that cannot include the WAI with or without the list of diseases.
Methodological considerations
The prospective design, different data sources (health check questionnaires and sickness absence register) and the use of registered LTSA are strengths of the study. In addition, the two-sample design enabled to measure and validate the predictive ability of work ability measures in different samples. We could have used time-to-event models for predicting the time to first LTSA based on baseline WAI and WAS scores rather than logistic models for predicting the LTSA risk. However, the methodology for validating time-to-event models is yet not particularly well established and is complicated by the censoring of unascertained outcomes in time-to-event studies. Royston and Altman 28 have proposed some approaches to external validation, but evaluating the performance of Cox prognostic models in new datasets remains a challenge.
The work ability scores in the present development sample were higher than previously reported for 10 542 workers (mean age 44 years; 43% women) from 49 Dutch companies in commercial services (41%), and public services (37%), industry (18%) and construction (4%). 29 This might indicate that health check participants in our study were healthier and healthy volunteer bias could have under-estimated associations between work ability scores and LTSA. 30 However, the objective of this study was to investigate work ability measures as tools to predict LTSA in non-sick-listed workers rather than to investigate associations between work ability and LTSA. External validation showed that the WAI with and without the list of diseases could be used as tools to identify manual and non-manual workers with an increased LTSA risk.
Practical implications
The WAI with and without the list of diseases under-predicted the absolute LTSA risk in non-sick-listed workers. Risk predictions were accurate when stratified by the established work ability categories. The observed LTSA !6 weeks frequencies were 55% in manual and 65% non-manual workers with poor work ability. The WAI with the list of diseases predicted risks of LTSA !6 weeks 60 and 65%, respectively, and the WAI without the list of diseases 58 and 64%. For the other work ability categories, the WAI without the list of diseases predicted the LTSA !6 weeks risk as good as the WAI with the list of diseases. As continuous work ability scores under-predict the LTSA risk, there is no need to estimate a worker's LTSA risk from the regression coefficients. As a rule of thumb, workers with a score of 10 on the WAI without the list of diseases would have a 75% LTSA !6 weeks risk and those with scores 15, 20 and 25 would have 50, 25 and 10% risks of LTSA !6 weeks risks, respectively. Workers with scores between 30 and 35 have a risk of LTSA !6 weeks equal to the population risk and those with scores >35 on the WAI without the list of diseases have an LTSA !6 weeks risk lower than the population incidence. Screening working populations for risk of LTSA has advantages and disadvantages. An advantage is that it provides the opportunity to identify workers for interventions targeted at preventing LTSA, with cost and resource savings when only high-risk workers are invited for preventive interventions. A disadvantage could be that LTSA risk scores may raise despair among workers. Exclusion of the list of diseases from the WAI reduces information on the causes of low work ability. Therefore, workers should be enabled to consult occupational and other experts within or from outside the workplace if they cannot find reasons for their poor work ability scores. There may also be moral reasons for not identifying high-risk workers when this leads to stigmatization. For example, risk scores might be misused by employers in times of organizational downsizing or when taking on new personnel. Therefore, LTSA risk predictions should be used prudentially in daily practice.
We conclude that the WAI without the list of diseases is a good alternative to the complete WAI with the list of diseases for identifying workers at risk of LTSA. Further validation studies in other working populations are required before the WAI without the list of diseases can be used as instrument to screen for risk of LTSA.
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Key points
The WAI identifies non-sicklisted workers at risk of LTSA, but is difficult to complete particularly because of a long list of diseases. This study showed that the predictive validity of a shortened WAI version without the list of diseases is as good as the WAI with the list of diseases. The WAI without list of diseases has potential to identify non-sicklisted workers at risk of LTSA enabling secondary prevention of LTSA.
